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PROJECT OVERVIEW2

Materials R&D
Å Non-flammable electrolytes
Å Electrolyte salts
Å Coated active materials
Å Thermally stable materials
Å Battery failure post mortem materials analysis

Testing
Å Diagnostics during battery failure (pictured right)
Å Gas analysis
Å Battery calorimetry
Å Electrical, thermal, mechanical abuse testing
Å Failure propagation testing on batteries/systems
Å Large scale thermal and fire testing (TTC)

Simulations and Modeling
Å Multi-scale models for understanding thermal runaway
Å Validating failure propagation models
Å Fire Simulations to predict the size, scope, and consequences of  

battery fires

Procedure Development and Stakeholder Interface
Å USABC Abuse Testing Manual (SAND 2005 3123)
Å OE Energy Storage Safety Roadmap
Å R&D programs to inform best practices, policies, and requirements
Å Hosted International Battery Safety Workshops and Energy Storage 

Safety Workshop

Á Sandiais uniquely positioned to study the entire
life cycleof a technology.

Á New technologiespresentnew risks. A high rigor
environment at Sandiaallows those risks to be
adequatelymanaged.

Á Diagnostictestscanbe performedunder extreme
failure conditionsto understandthe how and why
of battery failure.

Science and diagnostics of battery failure 



PROJECT OVERVIEW3

Materials R&D
Å Non-flammable electrolytes
Å Electrolyte salts
Å Coated active materials
Å Thermally stable materials
Å Battery failure post mortem materials analysis

Testing
Å Diagnostics during battery failure (pictured right)
Å Gas analysis
Å Battery calorimetry
Å Electrical, thermal, mechanical abuse testing
Å Failure propagation testing on batteries/systems
Å Large scale thermal and fire testing (TTC)

Simulations and Modeling
Å Multi-scale models for understanding thermal runaway
Å Validating failure propagation models
Å Fire Simulations to predict the size, scope, and consequences of  

battery fires

Procedure Development and Stakeholder Interface
Å USABC Abuse Testing Manual (SAND 2005 3123)
Å OE Energy Storage Safety Roadmap
Å R&D programs to inform best practices, policies, and requirements
Å Hosted International Battery Safety Workshops and Energy Storage 

Safety Workshop

Á Sandiais uniquely positioned to study the entire
life cycleof a technology.

Á New technologiespresentnew risks. A high rigor
environment at Sandiaallows those risks to be
adequatelymanaged.

Á Diagnostictestscanbe performedunder extreme
failure conditionsto understandthe how and why
of battery failure.

Science and diagnostics of battery failure 



PROJECT OVERVIEW4

Materials R&D
Å Non-flammable electrolytes
Å Electrolyte salts
Å Coated active materials
Å Thermally stable materials
Å Battery failure post mortem materials analysis

Testing
Å Diagnostics during battery failure (pictured right)
Å Gas analysis
Å Battery calorimetry
Å Electrical, thermal, mechanical abuse testing
Å Failure propagation testing on batteries/systems
Å Large scale thermal and fire testing (TTC)

Simulations and Modeling
Å Multi-scale models for understanding thermal runaway
Å Validating failure propagation models
Å Fire Simulations to predict the size, scope, and consequences of  

battery fires

Procedure Development and Stakeholder Interface
Å USABC Abuse Testing Manual (SAND 2005 3123)
Å OE Energy Storage Safety Roadmap
Å R&D programs to inform best practices, policies, and requirements
Å Hosted International Battery Safety Workshops and Energy Storage 

Safety Workshop

Á Sandiais uniquely positioned to study the entire
life cycleof a technology.

Á New technologiespresentnew risks. A high rigor
environment at Sandiaallows those risks to be
adequatelymanaged.

Á Diagnostictestscanbe performedunder extreme
failure conditionsto understandthe how and why
of battery failure.

Science and diagnostics of battery failure 



PROJECT TEAM5

Yuliya Preger    
Summer Ferreira 

Armando Fresquez
Heather Barkholtz 

(former SNL)

Sandia Battery Test 
Facilities

Loraine Torres-Castro          
Joshua Lamb   
June Stanley 
Chris Grosso
Lucas Gray       

Jill Langendorf  
Eric Deichmann 

Sandia Battery Abuse 
Testing Laboratory

John Hewson

Randy Shurtz

Andrew Kurzawski

Sandia Fire Sciences

Sergei Ivanov

Center for Integrated 
Nanotechnologies



PROJECT TEAM6

Yuliya Preger    
Summer Ferreira 

Armando Fresquez
Heather Barkholtz 

(former SNL)

Sandia Battery Test 
Facilities

Loraine Torres-Castro          
Joshua Lamb   
June Stanley 
Chris Grosso
Lucas Gray       

Jill Langendorf  
Eric Deichmann 

Sandia Battery Abuse 
Testing Laboratory

John Hewson

Randy Shurtz

Andrew Kurzawski

Sandia Fire Sciences

Sergei Ivanov

Center for Integrated 
Nanotechnologies



PROJECT OBJECTIVES7

Failure mechanisms of abused cells from a materials and electrochemical perspective

Provideinsight into the developmentof an in-operandodiagnostic
techniqueto detect faulty cellswithin a pack.

Understandbattery failure mechanismsduring strenuousconditions
to lead the design of more resilient and reliable energy storage
systemsthat are inherentlysafe.
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PROJECT METRICS AND MILESTONES8

Failure mechanisms of abused cells from a materials and electrochemical perspective

Milestones 

Identify the failure mechanisms of NMC and 
LFP pouch cells during strenuous conditions.

Determine the consistency of the failure 
mechanisms across manufacturers and 
different capacities.

Investigate the effect of initial SOH on the 
identified failure mechanisms.

Current Status 

The initial study of the NMC chemistry was 
completed. The manuscript is being 
prepared for submission. 

The identification of the failure mechanisms 
of LFP cells is 80% completed.

Preliminary results confirmed consistency of 
the failure mechanisms across capacities, 
manufacturers and different initial SOH. 

#1

#2

#3



PROJECT CHALLENGES9

Challenges 

Simple passive monitoring of a cell is often unable to 
identify the onset of failure until it is too late to 
intervene. 

The prevention of catastrophic failure requires 
detection of internal faults well before they have 
developed.

Commercially available EIS equipment provides an 
insufficient dataset for cells subjected to abusive 
conditions. 

Failure mechanisms of abused cells from a materials and electrochemical perspective
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Challenges 

Simple passive monitoring of a cell is often unable to 
identify the onset of failure until it is too late to 
intervene. 

The prevention of catastrophic failure requires 
detection of internal faults well before they have 
developed.

Commercially available EIS equipment provides an 
insufficient dataset for cells subjected to abusive 
conditions. 

Failure mechanisms of abused cells from a materials and electrochemical perspective

Identify an in-operandotechniquecapableof
identifying markersof failure during abusive
electricalconditions.

Fast EIS equipment developed by INL and
Montana Tech provided sufficient information
for cellsunderabusiveconditions.



PROJECT RESULTS12

The focus is to understand battery failure
mechanismsduring strenuous conditions to
lead the designof more resilient and reliable
energy storage systems that are inherently
safeand provide insight into the development
of an in-operandodiagnostictool.
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Milestone #1ςIdentify the failure mechanisms of li-ion 
batteries during strenuous conditions
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Is the marker consistent across manufacturers?

PROJECT RESULTS
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Å Representationof the overallamountof resistancein the form of magnitudeasa functionof the stateof chargefor two

different NMCcellsthat weresubjectto strenuousconditions.

Å Degradationmarkeridentified for the NMCchemistryduringstrenuousconditionsis independentof manufacturerand

capacity.

ὤ ὤ ὤ .

Milestone #2ςDetermine the consistency of the failure
mechanisms across manufacturers and 
different capacities
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What happens if the initial SOH is compromised?

PROJECT RESULTS
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Manufaturer B 

Fast Charged Cell 1
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Manufaturer B 

Fast Charged Cell 2
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Manufaturer B 

Fast Charged Cell 3
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Å Theinitial SOHwasmanipulatedwith
fast chargedprotocols, and the abuse
responsewascharacterized.

Å The onset SOCto thermal runaway
decreased as the initial SOH was
aggravated.

Å The overall resistancein the form of
magnitudeas a function of the state
of charge presented the failure
marker at 140% SOCindependentof
initial SOH.

Milestone #3ςInvestigate the effect of initial SOH on the 
identified failure mechanisms.



PUBLICATIONS AND PRESENTATIONS16

Presentations

ÅEvaluating the Impact of Initiation Methods on Propagating
Thermal Runaway in Lithium-Ion Batteries; Battery Safety 2018,
Arlington,VA; October30, 31, 2018

Å(Invited Talk)Mechanismsand material impacts of overchargein
lithium ion; 2018 MRS Fall Meeting, Boston, Massachusetts;
November25-30, 2018

Å(Invited Talk)Determination of Battery State of Stability Through
AdvancedDiagnostics; IAPGChemicalWorkingGroupSafetyPanel
Meeting2019, Pasadena,California; February12-14, 2019

Å(Invited Talk)Mechanismsand material impacts of overchargein
lithium ion; 235th ECSMeeting, Dallas,Texas; May26-30, 2019

Å(InvitedTalk)TheScalabilityof AcceleratingRateCalorimetry(ARC)
with Stateof ChargeandCapacity; 235th ECSMeeting, Dallas,Texas;
May26-30, 2019

ÅFailurePropagationWork andAbuseTesting; AdvancedAutomotive
BatteryConference, SanDiego,California; June24-25, 2019

Publications

ÅH.  M. Barkholtz, Y. Preger, S. Ivanov, J. Langendorf, L. Torres-Castro, 
J. Lamb, B. Chalamala, and S. Ferreira, άMulti -scale thermal stability 
study of commercial lithium-ion batteries as a function of cathode 
chemistry and state-of-chargeΣέ Journal of Power Sources, vol. 435, 
2019

ÅR. C. Shurtz, Y. Preger, L. Torres-Castro, J. Lamb, J. C. Hewson and S. 
CŜǊǊŜƛǊŀΣ άPerspectiveτFrom Calorimetry Measurements to 
Furthering Mechanistic Understanding and Control of Thermal 
Abuse in Lithium-Ion Cells,έ Journal of the Electrochemical Society, 
vol.166, p.p. A2498, 2019

ÅQ. Li, C. Yang, S. Santhanagopalan, K. Smith, J. Lamb, L. A. Steele, L. 
Torres-/ŀǎǘǊƻΣ άNumerical investigation of thermal runaway 
mitigation through a passive thermal management systemΣέ Journal 
of Power Sources, vol. 429, p.p. 80, 2019

ÅInvestigations of the Electrochemical and Material Properties of 
Overcharged Li-ion Batteries( in preparation)

ÅAccelerating Rate Calorimetry: Comparison of Chemistries and 
Energy (in preparation)

ÅMitigation of Failure Propagation in Multi-Cell Lithium Ion 
Batteries (in preparation)



LOOKING FORWARD17

I. Failuremechanismsof lithium-ion batteriessubjectedto abusiveconditions(continuation)

ÅHarvestbattery constituentsto understandmaterialsfailuremechanisms.

II. Mitigation of failure propagationthrough activecooling

ÅDevelopment of a technique to mitigate failure propagation through active cooling. 

III. Dendrite formation and lithium plating effect in abuseresponseof lithium-ion batteries:

from singlecellsto failure propagation

ÅProduce different levels of lithium plating and dendrite growth by heat exchange and 

evaluate its safety performance. 
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ÅFundedby the U.S. Departmentof Energy,Office of Electricity,EnergyStorageprogram. Dr. Imre Gyuk,
ProgramDirector.

ÅSandiaNationalLaboratoriesis a multi-missionlaboratorymanagedand operatedby NationalTechnology
and EngineeringSolutionsof Sandia,LLC., a wholly owned subsidiaryof HoneywellInternational,Inc., for
the U.S. Departmentof Energy'sNationalNuclearSecurityAdministrationundercontractDE-NA-0003525.

ÅThiswork wasperformed,in part, at the Centerfor IntegratedNanotechnologies,an Officeof ScienceUser
Facility operated for the U.S. Department of Energy(DOE)Office of Scienceby Los AlamosNational
Laboratory (Contract DE-AC52-06NA25396) and Sandia National Laboratories (Contract DE-AC04-
94AL85000).

ÅFastimpedancespectroscopytoolbox wasdevelopedby IdahoNationalLaboratoriesin collaborationwith
MontanaTech.

Name of presenter: Loraine Torres-Castro
Corresponding email: ltorre@sandia.gov

For further details on experimental work, see the following posters: 
Å Abuse Test Development: Mechanisms and Materials Impact of Abused Lithium-ion Batteries
Å Mitigation of Failure Propagation in Multi-Cell Lithium Ion Batteries
Å Thermal Runaway Testing and Database Development of Large-format Li-ion Cells at ORNL and SNL

mailto:ltorre@sandia.gov


Extra Slides: Failure Propagation Project 
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PROJECT OBJECTIVES20

Failure propagation

Objective 

Understand the extent of
propagationwith the inclusion
of active thermal management
in the form of spacers
(aluminumandcopper)between
(i)pouchcells in a 5 cellspack,
and (ii) betweenmodulesof a
3s3p batterypack.

How do these behaviors impact a larger, 
more complex system?
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